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Abstract-- Solar photovoltaic (PV) and wind farm systems 
of renewable energy installations have been considered as 
the promising generating source that would cover the 
continuous energy demand. With the high incoming 
penetration of distribution generators (DG), both the end 
users of the electric power as well as the electric utilities 
have become more concerned on the issue of the electric 
network quality. A particular issue falling under the 
umbrella concept is capacitive coupling with the grounding 
systems that have become essential as a result of the high-
frequency current that is imposed by the converters of 
power. Total harmonic distortion (THD) is limited by the 
quality standards of power (IEEE-519) within the range that 
is acceptable caused by power electronic equipment rapid 
usage. Thus, the primary aim of the work is to broaden the 
investigation of the power systems quality problems.  
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I. INTRODUCTION 
The power quality distortion is one of the most serious 
problem affecting the electric power systems because of the 
increase in the non-linear drawing non-sinusoidal currents. 
The use of active filters is harmonic migration and 
compensation of reactive power, voltage regulation, and 
load balancing as well as compensation of voltage flicker. 
The non-linear loads four wire three phase system a 
harmonic current which is of high levels in the natural wire 
and three line conductors enrolled. The supply quality 
declination is as a result of the unbalanced load. In reduction 
of harmonic effect, various techniques of harmonic 
migration are proposed.  
The shunt active power filter is viewed as the most 
popular APFs, the technique include passive filters, phase 
multiplication, harmonic injection as well as active power 
filters (APFs). Mainly, it is a current sources, and is 
connected in a parallel manner to the non-linear loads. 
Shunt AFC conventionally is controlled in a manner which 
allows injection of reactive and harmonic compensation 
current on the basis of reference currents which are 
calculated. The purpose of injection current is to cancel the 
reactive and harmonic currents which non-linear loads draw. 
As of the recent times, the fuzzy logic controller is 
generating much interest in numerous application and is 
being introduced in the field of power electronics [3]. 
According to a number or strategies of controls 
developed, still, two theory methods of controls have always 
been dominant. They include the instantaneous reactive and 
active current (𝑖𝑑 − 𝑖𝑞) methods as well as the 
instantaneous reactive and active power (𝑝 − 𝑞). In the 
proposed work, we have concentrated on the two control 
strategies ((𝑝 − 𝑞) and(𝑖𝑑 − 𝑖𝑞) combined with the fuzzy 
controller aimed at validating the present observations. 
Simulations that are extensive have been conducted with 
fuzzy controller for the (𝑖𝑑 − 𝑖𝑞) and (𝑝 − 𝑞) methods for 
various conditions of voltage such as non-sinusoidal, 
sinusoidal as well as the conditions which are unbalanced to 
adequate results. Upon observation of the (𝑖𝑑 − 𝑖𝑞)strategy 
of control performance with the fuzzy controller, it can be 
observed that it is quite adequate over 𝑝 –  𝑞 strategy of 
control with fuzzy controller [4]. 
According to the works, the work will undertake a number 
of steps in validating the objectives. Analysis and design of 
five-level capacitor multilevel inverter circuit in applying an 
equal but opposite to the harmonics that are distorted in to 
the source current line to help cancel the harmonic design of 
non-linear load, a fuzzy logic response of the shunt active 
system of power. Visualization on the simulation of 
instantaneous reactive and active theory based shunt active 
filter with Simulink/MATLAB, as a better solution in 
reducing harmonics. Fuzzy controller will carry out the 
simulations for both p-q method for various voltage 
conditions. The primary reason for the concern of the 
capacitive coupling are: 
a) Harmonics increase, thus, the converters of power 
loses in both the consumer and utility equipment. 
b) Currents of ground capacities have the potential to 
cause malfunctioning of control devices and 
sensitive load. 
c) The capacitive current circulation trough the power 
equipment may provoke their lifetime production 
and this limits the capability of power. 
d) As a result of capacitive ground current, the ground 
potential rise, representing unsafe working 
conditions along the electric network or 
installations. 
e) Interference of electromagnetic in the systems of 
communications and metering infrastructure. 
As such, the importance of renewable energy modelling 
installation has been noticed considering capacitive 
coupling with the grounding system, thereby simulating 
accurately AC and DC component of the current waveforms 
which electric network is used to measure. 
 
 
II. BACKGROUND 
A. Shunt Active Power Filter 
In the system of electric distribution development, sudden 
increment of non-linear load has been experienced, like 
domestic appliances, rectifier equipment, power supply as 
well as adjustable speed drivers (ASD). With the increase in 
these loads, the generated harmonics current that the loads 
generates is very significant. Different problems associated 
with power system can result as a result of these harmonics, 
some of the problems include inaccurate metering of power 
flow, light flicker, excessive neutral currents, system 
protection malfunctioning, as well as equipment overheating 
and distorted voltage waveform. In addition, they are 
responsible for the reduction of efficiency by drawing the 
components of reactive current from the networks of 
distribution [5]. 
From Fig. (1) the concept of cancellation of harmonic 
current is demonstrated so that the current supply is 
sinusoidal from the source, the used inverter of the voltage 
source in active filters makes possible the harmonic control. 
APFs has been developed where the voltage-source inverter 
(VSI) based shunt active power filter is employed recently 
and has been recognized as the control scheme available 
solution, where the needed compensation current are 
determined through only sensing line currents, which is easy 
and simple in implementing [6]. 
 
 
Fig.1 Illustration of the shunt connected active 
components with the waveform to show the harmonics 
cancellation. 
B. Flying capacitor multilevel inverters (FCMLI) 
From fig. (2) the apology for five level capacitor 
multilevel converter circuit is demonstrated. The topology 
of Flying Capacitor Converter (FCC) is being introduced 
and pros and cons compared with other forms of multilevel 
topologies. FCC utilizes various float capacitors in each 
phase which is connected to a number of points at the 
converter to ensure the achievement of different levels of 
voltage in the output signals.  
The recently developed converter topology is the flying 
capacitor multilevel converter that assures flexible 
monitoring, control as well as modular design. The 
multilevel FCC needs a DC voltage distribution which is 
balanced. To realize this, the use of special control is 
recommended leading to natural balancing or one can 
measure the voltages and go ahead to select the most 
appropriate switching state. There are three factors that 
influence the balancing, they include the switching 
frequency, the harmonic contact of the reference waveform 
and the load impendence. The output voltage must make 
sure that the load control in addition to the balancing of 
voltage of the FCC multilevel e.g. the AC machine three 
face [7]. 
C. Instantaneous Real and Reactive Power Method (𝑝 − 𝑞) 
The non-linear load instantaneous reactive and active 
powers p and q is where the active filter currents can be 
obtained. The phase voltages transformation 𝑉𝑎, 𝑉𝑏 𝑎𝑛𝑑 𝑉𝑐 
as well as the load current (𝐿𝑎, 𝐿𝑏 𝑎𝑛𝑑 𝐿𝑐) into á –  â the 
orthogonal coordinates have been provided from equations 1 
and 2 below.  
The active power filters compensation objectives are the 
present harmonic in the input current. Presented in the 
present architecture is the three phase four wire, which has 
been realized with the control strategy of constant power. 
The circulation of power is further given from equation (3) 
[8]. 
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  D.  Fuzzy Logic Current Controller 
Fuzzy set of theory is utilized by the fuzzy logic, where a 
variable is a member of a single or more than one set, with a 
particular membership degree. Fuzzy logic is beneficial 
because it allows emulation of the process of human 
reasoning in computers, make decision based on complete 
and vague data, qualification of information that is 
imprecise, and yet employ process of “Defuzzification, 
arriving at a defined conclusion. In the below block 
diagram, fuzzy logic controller (FLC) is demonstrated from 
figure (3) [9]. 
 
Fig. 2 FLC Block diagram 
There are three blocks that makes up FLC, these are the 
Defuzzification, Inference as well as Fuzzification. The 
process above can be explained as below 
1) Fuzzification 
The requirement of the fuzzy logic controller is that each 
output/input variables defining the control surface to be 
expressed in the notations of fuzzy sets by use of linguistic 
levels. The values of linguistic of each variables of output 
and input divide its discourse universe into intervals that are 
adjacent in formation of functions of membership. The 
extent of belonging to a specific level is denoted by the 
member values. Thus, Fuzzification is viewed as the process 
that allows input/output variables to be converted into 
linguistic levels.  
2) Inference 
Set rules governs the control surface behavior relating to 
the system output as well as input variables. A typical rule 
can be expressed as if A is x, then B is y, when the set of 
variables of input reach every rule that has any truth degree 
in its promise is fired, contributing to the control surface 
formation by modifying it approximately. After firing all the 
rules, the control surface that results is expressed as fuzzy 
set for the representation of the output constraints. The 
whole process is what is known to as the inference. 
3) Defuzzification 
The process that converts into crisp quantity the fuzzy 
quantity is known as the Defuzzification. Several techniques 
are available for this process. However, the commonly 
prevalent one is the centroid strategy, which uses the 
formula that follows.  
∫ (µ (𝑥)𝑥) 𝑑𝑥 / ∫ µ (𝑥)𝑑𝑥, ; In this case, the output x 
membership degree ì. 
III. LITERATURE REVIEW 
It has been noticed from the literature review that that the 
filter that is shunt active utilizes a technique that is simple 
for calculating the reference current compensation which is 
based on the fast Fourier transform. The shunt active power 
filter presented has the ability of operating in load 
conditions that are variable, unbalanced or balanced. In 
varying conditions that are fast, the classic filters may not 
have the capacity of having satisfactory performance.  
In [11] the fuzzy logic controller is extended and applied 
to a three level APF shunt, the algorithm of logic control has 
been proposed for inverter dc voltage and harmonic current 
control to help in the improvement of performance of the 
three level active power filters as well as showing how three 
level inverter can be employed as a shunt active power 
filter. 
The 𝑝 − 𝑞 theory also known as the original 
instantaneous reactive power is systematically utilized in 
controlling the APFs. After connecting the APD in a parallel 
manner to an unbalanced and non-linear load, the 
application of p-q theory allows strategy of compensation 
which is commonly named as the constant power acquired 
in [12] demonstrating that any strategy of compensation 
may be developed into the frame of the theory of 𝑝 − 𝑞. 
Besides, without the use of mapping matrices on p-q theory 
reformulation. 
The shunt APF is shown in [13] for improvement of the 
quality of power with regards to the compensation of 
reactive power and harmonics in the network of distribution 
by the FLC or integral [PI]. 
Additionally, the electric network in [14] has a behavior 
of “a healthy carrier’ of disturbances, and the generated 
disturbances by a single customer is distributed to the other 
clients, which causes equipment possible damage to the 
quality measurement. 
Development of a shunt APF which is of low cost is 
described in [15] consisting of a digital control. This 
facilitates for correction of dynamic power factor and both 
compensation of the zero sequence and harmonics current. 
The controller of active filter is based on the p-q theory also 
known as the instantaneous power theory. 
In [16] constructs and presents a fuzzy PID controller 
structure. The fuzzy logic controller application as a 
stabilizer of the system power is investigated by the use of 
simulation studies means on a single machine infinite bus 
system.  
Also proposed a technique which is used in the 
characterization of the present total distortion of harmonic 
for inverters with a single phase. In calculation of average 
value of the harmonic distortion, the expression is made for 
each type of day (cloudy sky day) which is proposed by 
[17].  
Total harmonic distortion (THD) is limited by the quality 
standards of power (IEEE-519) within the range that is 
acceptable caused by power electronic equipment rapid 
usage. Thus, the primary aim of the work is to broaden the 
investigation of the power systems quality problems. Where 
in the recent years there has been increase in the non-linear 
loads, the cost has also been affected. According to the 
works proposal, the work will undertake a number of steps 
in validating the objectives. 
1. To conduct an analysis and design of five-
level capacitor multilevel inverter circuit in 
applying an equal but opposite to the 
harmonics that are distorted in to the source 
current line to help cancel the harmonic design 
of non-linear load. 
2. To design a fuzzy logic response of the shunt 
active system of power.  
3. Visualization on the simulation of 
instantaneous reactive and active theory based 
shunt active filter with Simulink/MATLAB, as 
a better solution in reducing harmonics. 
4. Fuzzy controller will carry out the simulations 
for both p-q method for various voltage 
conditions. 
5. Conduct an analysis of the results obtained and 
making comparisons with other results that 
have been published. 
IV. SYSTEM MODEL 
A suitable capacitive coupling model is one that allows 
reproducing the injections of harmonic currents not only 
into the grid but also into the PV installations of the DC 
circuit that leads to current distortion, internal resonant and 
work conditions which are unsafe where the current 
discharged by capacitive goes far beyond the safety values 
of work threshold denoted as (IEEE Std. 80-2000, 2000). 
The capacitive coupling is considered as electric circuit part 
consisting of cable capacitive couplings, PV cells, the grid 
impedance and elements of AC filter and its effect has been 
appreciated in most of the large scale PV plants. 
 
Under normal circumstances, the connection of PV modules 
happens on a panel in order to form a PV array as 
demonstrated from Fig. 1. The PV module circuit model is 
composed of current source that is ideal, a diode that is 
connected in parallel manner with the source of current and 
series resistor. For each PV modules, the input current is 
determined as demonstrated by the equation below: 
 
𝐼 = 𝐼𝑆𝐶 − 𝐼𝑑 = 𝐼𝑆𝐶 − 𝐼0. ⌊exp (
𝑉+𝐼.  𝑅𝑆
𝑛.𝑉𝑇
)⌋    (5)  
    
In this case 𝐼0is the diode saturation current, while the 
module terminal voltage is represented by𝑉, and the diode 
ideal constant is 𝑛, 𝑉𝑇 is module thermal potential and 
𝑚(
𝑘𝑇
𝑞
) gives the module thermal potential where k is the 
Boltzmann’s constant denoted as 1.38𝐸 − 23 𝐽/𝑘, in 𝐾, 𝑇 
cell temperature is measured, the Coulomb constant 
(1.6𝐸 − 19 𝐶) is represented by 𝑞 and the cells number in 
module series is 𝑚. The module short circuit current under a 
specific solar irradiance is denoted by𝐼𝑆𝐶 . Diode current is 
represented by 𝐼𝑑, which is provided by the current 
expression of classical diode. The 𝑅𝑠series resistance stands 
for the current flow intrinsic resistance.  
The PV modules capacity coupling with the ground is 
parallel modelled as a Parallel resistant 𝑅𝑝𝑣 and capacitor 
𝐶𝑝𝑣 arrangements simulating the dependency frequency on 
the grounding system that is normally represented in the 
grounding resistance 𝑅𝑔in the model. 
Considering that current source for the AC and DC circuits 
of PV installation are represented by the converters, circuit 
which is equivalent is deduced in order to conduct analysis 
of the capacitive coupling effect over the voltage and 
current waveform. 
The circuit that is equivalent of both the AC circuit for 
connection to the grid and the DC circuit of the PV 
installation as seen between the ground and inverter. In the 
AC circuit, the capacitors, inductance and resistance of the 
AC underground cables are represented by𝐶𝑎𝑐_𝑐𝑎𝑏𝑙𝑒, 
𝐿𝑎𝑐_𝑐𝑎𝑏𝑙𝑒and 𝑅𝑎𝑐_𝑐𝑎𝑏𝑙𝑒 , at saturation, the ground resistance is 
represented by 𝑅𝑔_𝑒𝑠 and the LC filter parameters connected 
at the inverter Ac terminals are the 𝐿𝑓𝑖𝑙𝑡𝑒𝑟  and 𝐶𝑓𝑖𝑙𝑡𝑒𝑟 . 
 
The 𝑅𝑝𝑣 and 𝐶𝑝𝑣 inclusion on the equivalent of PV circuit 
allows the representation of the leakage path for 
components of high frequency between the Ground and the 
PV modules. This equivalent circuit of DC is represented by 
the continuous-time equation below, at the operating 
conditions that are normal. 
 
𝑑𝑖1(𝑡)
𝑑𝑡
= 
1
𝐿𝑐
. 𝑣𝑖𝑛(𝑡) −  
𝑅𝑐
𝐿𝑐
. 𝑖1(𝑡) −  
1
𝐿𝑐
. 𝑣2(𝑡)   (6)   
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𝑑𝑡
= 
1
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1
𝐶𝑝𝑣 .𝑅𝑝𝑣 .(𝑅𝑠+𝑅𝑔)
𝑣2(𝑡)                                         (7) 
 
𝑑𝑣2(𝑡)
𝑑𝑡
= 
1
𝐶𝑐
. 𝑖1(𝑡) −  
1
𝐶𝑐
. 𝑖2(𝑡)                            (8)  
      
𝑑𝑣𝑝𝑣(𝑡)
𝑑𝑡
= 
𝑅𝑔
𝐶𝑐 .(𝑅𝑠+𝑅𝑔)
. 𝑖1(𝑡) + (
𝑅𝑝𝑣+𝑅𝑔
𝐶𝑝𝑣 .𝑅𝑝𝑣
+ 
𝑅𝑔
𝐶𝑐 .(𝑅𝑠+𝑅𝑔)
+
 
𝑅𝑔.𝜓
𝐶𝑝𝑣 .𝑅𝑝𝑣
) . 𝑖2(𝑡) + 
𝑅𝑔
𝐶𝑝𝑣 .𝑅𝑝𝑣 .(𝑅𝑠+𝑅𝑔)
. 𝑣2(𝑡)   −
1
𝐶𝑝𝑣 .𝑅𝑝𝑣
 . 𝑣𝑝𝑣(𝑡)                                                                  (9)  
      
 V. RESULTS AND DISCUSSION   
In this section, THD is compared with and without 
capacitive coupling, the results show that using capacitive 
coupling reduce the percentage of THD. Fig.'s 6 and 7 show 
THD with and without capacitive coupling. As shown, 
maximum THD without capacitive coupling about 3.9, 
while in case of capacitive coupling, it's about 3.4. 
 
 
Fig. 3 THD without capacitive coupling for power in PV 
 
Fig. 4 THD with capacitive coupling for power in PV  
On the other hand, THD for current source of PV are shown 
in Fig.'s 8 and 9. As shown, maximum THD without 
capacitive coupling about 0.34, while in case of capacitive 
coupling, it's about 0.26. 
 
 
Fig. 5 THD without capacitive coupling for current in PV 
 
 
Fig. 6 THD with capacitive coupling for current in PV 
 
 
VI. CONCLUSIONS AND REMARKS  
 
This paper presents THD in PV system in case of using 
capacitive coupling in order to reduce THD. Fuzzy logic 
controller is used in order to cancel the harmonic design of 
non-linear load. Results show that reduction in THD for 
power in PV systems around 13%, while the reduction in 
THD for current in PV systems around 23%.   
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